Abstract.-A cell-free system derived from uninfected Escherichia coli previously was shown to synthesize f3-glucosyl transferase in response to T4 DNA.
Infection by T4 was at a multiplicity of infection of 3. After 25 min at 30°, infected cells and uninfected cells were cooled with ice, harvested, and washed once. The cells were resuspended in 10 mM Tris-HCl, pH 7.8 + 10 mM magnesium acetate + 50 mM ammonium chloride + 1 mM dithiothreitol, sonicated for 30 sec with a Branson sonifier, and centrifuged at 30,000 X g for 20 min. The supernatant fluids were stored frozen until needed.
Substrate for radiochemical lysozyme assay: We are grateful to Drs. W. Leutgeb and U. Schwarz for sending instructions for the lysozyme assay prior to publication. E. coli were grown to stationary phase in 10 ml of Fraser and Jerrel8 medium in the presence of 100 ;&c of tritiated 1,6-diaminopimelic acid. Aliquots of 0.1 ml were spotted on 2.5-cm discs of Whatman 3 MM filter paper, which were washed according to the method of Mans and Novelli.9 The discs were then boiled for 10 min in 0.1 M ammonium acetate, followed by a final wash in fresh ammonium acetate. The filters were stored in the cold until needed. Routinely, 70,000 to 100,000 cpm of radioactive material remain fixed to the filters. As seen in Table 3 , about half the radioactivity can be released by egg-white lysozyme and the remainder by trypsin. This is consistent with the fate of diaminopimelic acid taken up by E. coli, since Meadow and Work10 have demonstrated that a large portion of that diaminopimelic acid is converted to lysine and presumably incorporated into protein.
Lysozyme assay: Reaction mixtures from in vitro protein synthesis were incubated with radioactive filter discs plus 0.5 ml of 0.1 M ammonium acetate. After 4 hr at 370, aliquots of 0.3 ml were removed, added to synthesis of ,3-glucosyl transferase (not shown). Thus, the absence of lysozyme synthesis using DNA from T4G59 was due to its genetic lesion rather than to spurious damage incurred during bacteriophage preparation and deproteinization. The data presented in Table 1 show that the ratio of enzyme synthesis to amino acid incorporation varied from one cell-free system to the next. This phenomenon was observed previously in the in vitro synthesis of f-glucosyl transferase.6 Although different strains of E. coli were used to prepare the two extracts used in Table 1 , the differences are not due to peculiarities in the strains but rather to variability in the preparation of ribosomes and supernatant proteins.
Although experiments with DNA from T4eG59 provided a suitable and useful control, lysozyme was further identified as one product of T4 DNA-dependent protein synthesis in two other ways. The lysozyme activity resulting from in vitro protein synthesis was shown to be completely inactivated by antiserum against authentic homogeneous T4 lysozyme. The lysozyme activity found in T4-infected cells was similarly inactivated by the antibodies, whereas equivalent amounts of egg-white lysozyme were not affected (Table 2) . We have also assayed lysates prepared from cells infected with T4eG59, and, as expected, very little radioactivity was released from the filters. Uninfected extracts were also unable to release large amounts of radioactivity. Thus, under these conditions, the filter assay appeared to be specific for lysozyme, and the lysozyme activity which arose de novo in the DNA-dependent reaction was inactivated by antibodies prepared against T4-specific lysozyme.
In a second type of control experiment, we asked whether the lysozyme activity that resulted from DNA-dependent RNA and protein synthesis would compete with authentic T4-specific lysozyme or egg-white lysozyme for the radioactive substrate immobilized on the paper filters. Filters containing 106,000 cpm of (Table 3 ). The DNA. After the pretreatment, the total amount of radioactivity released was determined (top row).
Pretreated filters were then washed and boiled in 0.1 M ammonium acetate, after which they were incubated a second time with each of the protein fractions in 0.5 ml ammonium acetate. After 12 hr at 370, the total amount of radioactivity released was again determined (bottom six rows) . The data are given as cpm released/0.5 ml reaction. least complicated interpretation of this experiment suggested that egg-white lysozyme and T4-specific Jysozyme attacked the same radioactive material on the filter substrates and that the lysozyme synthesized in vitro behaved in the same manner as the enzyme present in extracts of T4-infected cells. Furthermore, about one half of the radioactivity on the filters was released by trypsin, presumably representing peptides with radioactive lysine.'0 The trypsinsensitive material is not attacked by either egg-white lysozyme or T4 lysozyme synthesized in vivo or in vitro. The evidence obtained with the lysozyme deletion mutant, anti-T4-lysozyme serum, and exhaustive treatment of the filter substrates suggested that T4-specific lysozyme was synthesized in vitro.
Various inhibitors of RNA and protein synthesis were tested to determine whether lysozyme appearance in vitro was always dependent on transcription and translation (Table 4) . Each inhibitor eliminated the T4 DNA-dependent stimulation of amino acid incorporation and, at the same time, abolished lysozyme synthesis. None of the inhibitors inhibited the activity of T4 lysozyme. ,pg/ml. All inhibitors were added to the reaction mixtures just before the start of the incubations.
All the DNA-dependent in vitro reactions described thus far were carried out at DNA concentrations of 30 jug/ml or higher. This was sufficient to saturate the in vitro system for lysozyme synthesis (Fig. 1) . Lysozyme synthesis was proportional to T4 DNA concentrations up to 15 ,g/ml. This was lower than the saturating level of DNA reported previously for j3-glucosyl transferase synthesis. 6 In fact, we find the saturating level of DNA for enzyme synthesis to be dependent on the particular set of ribosomes and S-100 protein fraction, so that no inferences may be made concerning differential levels of DNA saturation for early versus late enzyme synthesis. The kinetics of lysozyme appearance during T4 DNA-dependent protein synthesis (Fig. 2) were qualitatively similar to the kinetics of f3-glucosyl transferase synthesis. In each case, enzyme activity appeared after a short lag period, whereas amino acid incorporation proceeds maximally from time zero. The rapid degradation of ,8-glucosyl transferase activity after amino acid incorporation had stopped was not seen in the case of lysozyme.6
The in vitro reactions for lysozyme synthesis were done at 15 mM magnesium acetate, whereas for f-glucosyl transferase synthesis, 11 mM magnesium acetate was used.6 The magnesium profiles for maximal rates of synthesis of the two enzymes are shown in Figure 3 . Whereas 13-glucosyl transferase synthesis was sharply inhibited above 12 mM Mg++, lysozyme synthesis was highest in the range of 14-16 mM Mg++. These curves did not represent the effect of magnesium acetate on enzymatic activity in the subsequent assay, as our unpub- lished experiments showed that each of the enzymes, when present in extracts of T4-infected E. coli, was relatively insensitive to changes in magnesium ion concentration in this range. When the magnesium profile for amino acid incorporation was measured in the presence of T4 DNA, the curve obtained was qualitatively similar to that for lysozyme synthesis rather than 83-glucosyl transferase synthesis.12 Discussion.-The evidence presented in this paper suggests that extracts prepared from uninfected E. coli can transcribe and translate the lysozyme gene of T4 DNA. The in vitro synthesis of active lysozyme has the characteristics required of de novo enzyme synthesis. Inhibitors of RNA and protein synthesis abolished lysozyme synthesis. Furthermore, routine platings of the cell-free system revealed no viable cells, and the DNA preparations had no viable bacteriophages.
The enzyme activity that resulted from in vitro synthesis was identical to T4 lysozyme by several criteria. The DNA from T4eG59, a mutant carrying a deletion in the lysozyme gene, was inactive in the synthesis of lysozyme although it was completely active for the stimulation of amino acid incorporation (Table 1) and f8-glucosyl transferase synthesis. Antibodies prepared against purified T4 lysozyme inactivated the enzyme synthesized in vitro and in vivo, while they barely affected the activity of equivalent amounts of egg-white lysozyme (Table 2) . This was not surprising in view of the many physical differences between eggwhite and T4-specific lysozymes.'3 Finally, egg-white lysozyme, T4 lysozyme synthesized in vivo, and T4 lysozyme synthesized in vitro each released the same materials from the substrate filters used in the radiochemical lysozyme assay (Table 3) .
Lysozyme has been reported to be a late T4-specific enzyme, since only after eight to ten minutes canl any enzyme activity be detected in T4-infected cells.' If, in fact, lysozyme was a typical late protein, one might expect our in vitro system not to make detectable amounts of it, as several laboratories have shown that the in vitro reaction between T4 DNA and E. coli RNA polymerase results in the synthesis of only early mRNA.'4-'7 Salser and co-workers have shown that early mRNA isolated from infected cells does not stimulate lysozyme synthesis in vitro, whereas late mRNA prepared in the same manner did stimulate lysozyme synthesis.7
Lysozyme, however, is clearly not a typical late protein. Streisinger's group'8 has shown that the direction of transcription and translation of the lysozyme gene is the same as that of the early gene HI. Furthermore, the lysozyme-specific mRNA is synthesized on the same strand of DNA as the bulk of the early messenger.'9 Recent evidence from Bautz's laboratory suggests that lysozyme-specific mRNA is synthesized at early times in amounts comparable to those found late in infection, although the early lysozyme-specific messenger is not translated. 20 Thus, the expression of the lysozyme gene is subject to controls which are not necessarily similar to the control of most early and late functions.
The kinetics and T4 DNA saturation for lysozymie synthesis in vitro was founid to be qualitatively similar to 3-glucosyl transferase ( Figs. 1 and 2; ref. 6 ). In fact, no obvious differences have been observed in the requirements for the synthesis of the two enzymes, with the exception of optimal Mg++ concentration (Fig. 3) . The reason for the difference in optimum Mg++ concentration is entirely unknown at this time.
The in vitro system synthesizes equivalent amounts of ,B-glucosyl transferase and lysozyme. By conducting in vitro protein synthesis at the Mg++ optimums for each enzyme, we have calculated that 0.050-ml reaction mixtures synthesize as much f3-glucosyl transferase and lysozyme as is found in 0.3 to 1.1 X 107 cells infected for 15 min and 1 to 3 X 107 cells infected for 25 min respectively. This suggests that the components from uninfected cells do not discriminate against VOL. 63, 1959 the transcription and translation of the lysozyme gene, as long as suitable Mg++ concentrations are used. The efficiency of the in vitro system is low when compared with infected cells. Whereas de novo enzyme synthesis occurs in amounts equivalent to -107 infected cells, the amount of ribosomes used is equivalent to more than 109 infected cells.
